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INTRODUCTION 

Few mechanical systems are  sub jec t  t o  as severe and as va r ied  an 
aeromechanical environment as the  he l i cop te r .  For instance, i n  each 
r e v o l u t i o n  o f  the  r o t o r  b lade a i r f l o w  can vary from s t a l l  t o  
compress ib i l i t y  e f fec ts  i n  unsteady f low.  Designing c o n t r o l  o f  the  
veh ic le  by apply ing t w i s t  a t  the  base o f  t h e  long narrow blades i s  an 
exerc ise i n  ae roe las t i c  abstruseness. I n  no o ther  a i r c r a f t  i s  
s t r u c t u r a l  e f f i c i e n c y  more essen t ia l ,  w i t h  the  s t ruc tu re  sub jec t  t o  
such a severe f a t i g u e  environment. While design problems f o r  
r o t o r c r a f t  a re  f u l l y  as complex as f o r  f i x e d  wing a i r c r a f t ,  t h e  
ava i l ab le  resources and response t ime may be even more s t r i c t l y  
1 i m i  ted. 

Timely, responsive, and accurate concept s tud ies  are essent ia l  i n  
r o t o r c r a f t  development. I t  i s  d i f f i c u l t  f o r  h i g h l y  spec ia l i zed  
techn ica l  design support  t o  be f l e x i b l e  and responsive enough t o  
con t r i bu te  s i g n i f i c a n t  i n f l uence  e a r l y  i n  the  design process, when f a s t  
turnaround on m u l t i p l e  concepts i s  requi red.  Support ing spec ia l i zed  
s tud ies requ i res  t ime and e f f o r t  which p a r a l l e l s  the  design 
development. Often the  key ana lys is  r e s u l t s  f o r  a conceptual design 
are  obtained on ly  near design task completion, i n  t ime t o  v e r i f y  the  
concept b u t  sometimes too  l a t e  t o  s i g n i f i c a n t l y  i n f l uence  key design 
decis ions. Computerizing the  design t r a d e - o f f  process i s  necessary i n  
o rder  t o  enhance the  a v a i l a b i l i t y  and f l o w  o f  techn ica l  in format ion.  
Teaming t h e  techn ica l  s p e c i a l i s t  w i t h  the  designer and a shared 
data base w i l l  produce t i m e l y  responses t o  customer i n q u i r i e s  and 
improve the  e f f i c i e n c y  o f  t h e  design process. 

The Computerized Design Synthesis (CDS) system under development a t  
McDonnell Douglas He1 i c o p t e r  Company (MDHC) i s  ta rge ted  t o  make 
revo lu t i ona ry  improvements i n  bo th  response t ime and resource 
e f f i c i e n c y  i n  t h e  conceptual and p re l im ina ry  design o f  r o t o r c r a f t  
systems. It makes t h e  accumulated design data base and suppor t ing 
technology analySis  r e s u l t s  r e a d i l y  a v a i l a b l e  t o  designers and ana lys ts  
of technology, systems, and product ion,  and makes powerful  design 
synthes is  sof tware a v a i l a b l e  i n  a user  f r i e n d l y  format. 

COMPUTER I ZED DES 1 GN SYNTHESI S 
( CDS 1 

A SYSTEM TO PUT ACCUMULATED DESIGN DATA BASE AND 

SUPPORT I NG TECHNOLOGY ANALYS I S RESULTS READY 

AT THE HANDS OF DESIGNER AND ANALYST, 

AND TO HAKE DESIGN SYNTHESIS SOFTWARE AVAILABLE 

I N  A USER-FRIENDLY FORMAT, 



LESSONS LEARNED 

Industry exper 
provides some 
incompatibility 

ence in similar 
lessons learned 

the profusion 

y ambitious computerized design systems 
Potential problems include: data 

o f  specialized languages and codes 
evolving continuously,. and the not uncommon experience that global 
programs, (with globe-sized promises) can consume vast resources and 
take years to develop. ’ Furthermore, when they are finally developed, 
they are sometimes somewhat incomprehensible to the ordinary aircraft 
designer--having become the brain-child o f  a team o f  computer systems 
specialists. 

LESSONS LEARNED 

0 GLOBAL PROGRAMS ARE COSTLY 

0 DATA COMPATIBILITY 

0 PROFUSION OF LANGUAGES 

0 GROWTH OF SPECIALTIES 
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I OVERALL APPROACH 

I n  the  l i g h t  o f  observed experience, a care fu l  development pa th  was 
de f ined t o  a v o i d  some of t h e  cos ts  and d i f f i c u l t i e s ,  and t o  p rov ide  
e a r l y  r e t u r n  on investment. The bas ic  system was es tab l i shed f o r  t h e  
conceptual design problem, and i s  be ing expanded t o  support  more and 
more p r e l i m i n a r y  design tasks.  Scope i s  c a r e f u l l y  l i m i t e d .  User 
f r i e n d l i n e s s  i s  e s s e n t i a l ,  w i t h  t u t o r i a l  a i d s  and b u i l t - i n  c o n s t r a i n t s  
aga ins t  m i s a p p l i c a t i o n .  The system i s  data base dr iven ,  w i t h  a l i b r a r y  
o f  menu-control 1 ed v e h i c l e  and subsystem synthes is  programs. Wherever 
p r a c t i c a l ,  e x i s t i n g  sof tware was adapted, us ing  the  resources o f  o t h e r  
McDonnell Douglas Corporat ion components. A key p o l i c y  has been t o  
b r i n g  each new c a p a b i l i t y  o n - l i n e  as soon as  i t  i s  v i a b l e ,  and t o  
support  o p e r a t i o n a l  usage d u r i n g  development. Th is  prov ides e a r l y  
feedback t o  i n f l u e n c e  t h e  system toward p r a c t i c a l  u t i l i t y ,  and b r i n g s  
t h e  e a r l i e s t  c o s t  savings. 

OVERALL APPROACH 

a TARGET: VEHICLE CONCEPTUAL DESIGN (RAPID VEHICLE SIZ ING) ,  

CONCEPTUAL 8 PRELIMINARY DESIGN OF SUBSYSTEMS. 

a L I M I T  SCOPE, KEEP SYSTEM USER-FRIENDLY L TUTORIAL WITH 

BUILT- I N  CONSTRAINTS AGA INST MISAPPLICATION. 

0 DATA BASE-DRIVEN SYSTEM W I T H  LIBRARY OF MENU-CONTROLLED 

VEHICLE & SUBSYSTEM SYNTHESIS PROGRANS. 

a ADAPT EX I ST I NG SOFTWARE, PART I C  I PATE I N  MDC EXCHANGE 

a SUPPORT OPERATIONAL USAGE DURING DEVELOPMENT 



THE DATA BASE-DRIVEN SYSTEM 

The CDS system was designed t o  be database-driven, as d i s t i n c t  f rom 
systems which a r e  d i r e c t l y  dependent on c u r r e n t  customized a p p l i c a t i o n s  
o f  s p e c i a l i z e d  a n a l y s i s  programs. O f  course, such customized analyses 
a r e  e s s e n t i a l  t o  t h e  f i n a l  re f inement  o f  p r e l i m i n a r y  and d e t a i l  
design. However, e a r l y  and qu ick  response e f f o r t s  can use t h e d a t a b a s e  
f o r  approximat ions,  w i t h  parametr ic  da ta  developed f rom prev ious 
experience. The da ta  base prov ides b u f f e r  s torage between s p e c i a l i z e d  
design suppor t  a n a l y s i s  and t h e  c y c l i c  design process; making t h e  
a n a l y s i s  r e s u l t s  a v a i l a b l e  t o  t h e  des igner  w i t h o u t  t h e  problems o f  
language p r o f u s i o n  and da ta  i n c o m p a t i b i l i t y .  

Th is  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom many o f  t h e  systems being 
developed f o r  aerospace design suppor t  which a r e  t r u l y  
mu1 t i d i s c i p l  i n a r y ,  i n  t h a t  such a n a l y s i s  programs develop concur ren t  
s o l u t i o n s  f rom severa l  separate d i s c i p l i n e s .  Those m u l t i - d i s c i p l i n a r y  
a n a l y s i s  programs remain s p e c i a l i z e d  t o o l s  f o r  t h e  s p e c i a l i z e d  
ana lys t .  Because fami 1 Sar i  ty  w i t h  s p e c i a l i z e d  t h e o r e t i c a l  mechanics i s  
requi red,  they  a r e  n o t  s u i t a b l e  f o r  d i r e c t  use by t h e  general  a i r c r a f t  
designer- the one who i s  respons ib le  f o r  i n t e g r a t i n g  t h e  var ious  
s p e c i a l i z e d  r e s u l t s .  

643 



CDS SOFTWARE ARCHITECTURE 
I 

I n  the  CDS system e x i s t i n g  design synthes is  sof tware,  f o r  both veh ic les  
and subsystems, i s  adapted by t h e  a d d i t i o n  o f  pre-  and pos t -  
processors. These a r e  managed through menu c o n t r o l s  o r  commands, 
w i t h o u t  t h e  user  be ing r e q u i r e d  t o  l e a r n  t h e  i n t r i c a c i e s  o f  each 
program's jargon.  Th is  enables such programs as NASA's h e l i c o p t e r  
s i z i n g  and performance program "HESCOMP" (which conta ins over 14000 
l i n e s  o f  code and r e q u i r e s  over  4000 i n p u t  parameters f o r  opera t ion)  t o  
be u t i l i z e d  i n  a h i g h l y  s i m p l i f i e d  manner. The design syn thes is  
l i b r a r y  f i l e s  i n c l u d e  s imu la t ions  o f  c u r r e n t  v e h i c l e  designs. Through 
the menus o f  the  execut ive  system, these are  e a s i l y  used by designers 
and systems a n a l y s t s  t o  determine the  e f f e c t s  on performance o f  
v a r i a t i o n s  i n  power, weight,  f u e l  e f f i c i e n c y ,  and aerodynamics. 

A commercial ly a v a i l a b l e  r e l a t i o n a l  database management system feeds 
data t o  t h e  CDS execut ive  system, which a l s o  i n t e r f a c e s  w i t h  a 
geometric data base management system. The var ious  s p e c i a l i z e d  analyses 
a r e  1 inked t o  t h e  data base through Design Synthes is  I n t e r f a c e  Modules 
(DSIM). These i n c l u d e  programs from aerodynamics, acous t ics ,  
s t r u c t u r e s ,  thermodynamics, and o t h e r  complex a n a l y t i c a l  d i s c i p l i n e s ;  
p l u s  programs f o r  e v a l u a t i n g  process c o n t r o l ,  manufacturabi l  i ty, 
b a l l i s t i c  v u l n e r a b i l i t y ,  d u r a b i l i t y ,  e t c .  Each D S I M  i s ,  i n  e f f e c t ,  t h e  
data p r o v i d e r  l i n k  f o r  a h i g h l y  t e c h n i c a l  suppor t ing  s p e c i a l t y .  The 
D S I M  a l s o  prov ides  b u i l t - i n  c o n s t r a i n t s  a g a i n s t  misuse o f  the  
a n a l y t i c a l  data, i n f o r m i n g  the  user  i f  t h i s  d i f f i c u l t y  should occur. 

I 

I 

I wF I 
CDS SOFTWARE ARCHITECTURE 

I I I  
1-1 



USER INTERFACE/MENU SUBROUTINES 

The preprocessors which i n t e r f a c e  t h e  programs n a des ign syn thes is  
1 i b r a r y  assemble t h e  program runstream, c o n t r o l  parameters, and data 
deck according t o  t h e  menu se lec t ions .  The r e l e v a n t  choices a r e  
s o l i c i t e d  and t h e  user  advised i n  t h e  s e l e c t  ons, and these a r e  
d isp layed i n  terms r e l a t i n g  t o  the  design mechanics ( r a t h e r  than 
r e l a t i n g  t o  t h e  program sof tware) .  Th is  process c o n t r o l s  t h e  program 
l i b r a r y  and r u n  op t ions ,  component se lec t ions ,  missions, equipment, 
f u e l ,  etc., f o r  t h e  model be ing exerc ised and t h e  design requirements 
being served. I t  i s  a l s o  used t o  s e l e c t  o u t p u t  d e t a i l  and format,  
p l o t t i n g  r o u t i n e s ,  and d isposa l  o f  r e s u l t s ,  f i l e s ,  e t c .  

USER INTERF ACE/MENU SUBROUTINES 

OPTION CHOICES TO SET UP PRE- AND POST- PROCESSORS 

1 SOLICIT 

ADVISE 

D I SPLAY 

PROGRAM LIBRARY OPTIONS 
VEHI CLE/COMPONENT SELECTIONS 

(ENGINES, CONFIGURATION, ETC. 1 
MISSIONS, EQUIPMENT, FUEL 
SI ZING AND/OR PERFORMANCE OPT1 ONS 
OUTPUT DETA I L 
PLOTTI NG ROUT I NES 
BATCH/MULTIPLE RUN CONTROL 
F I L E  STORAGE AND CONTROL 
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SUBSYSTEMS DESIGN SYNTHESlS 

A l l  s p e c i a l i z e d  analyses a r e  t r e a t e d  autonomously by e s t a b l i s h i n g  an 
i n t e r f a c e  module ( D S I M ) .  Th is  inc ludes  sof tware p r o v i d i n g  graph ic  
anthropometr ic model i n g  f o r  c o c k p i t  l a y o u t  and programs f o r  des ign o f  
d r i v e t r a i n s ,  engines, environmental  c o n t r o l  systems, and miss ion  
equipment packages. These prov ide  t h e  more advanced connection, t o  t h e  
analyses customized f o r  t h e  des ign task  i n  progress.  

The more ready-at-hand suppor t  i s  f rom re fe rence data and gener ic  
s i m u l a t i o n  r o u t i n e s  d i r e c t l y  a v a i l a b l e  through t h e  subsystems 
execut ive.  Such re fe rence data i n c l u d e  vendor-suppl i e d  i n f o r m a t i o n  
and publ ished da ta  c o l l e c t e d  i n  t h e  da ta  base. 



HARDWARE ARCHITECTURE 

WINOOW 

0 
IIM 

CAOO ENGINE WINOOW 

The CDS system i s  i n i t i a l l y  implemented on t h e  VAX/VMS environment 
where the  b u l k  o f  the  s p e c i a l i z e d  CAE a p p l i c a t i o n  programs a r e  
i n s t a l l e d .  The CDS system w i l l  l a t e r  be por ted  t o  a d i s t r i b u t e d  
computing environment t h a t  inc ludes  U N I X  based workstat ions,  f i l e  
servers and compute servers a1 1 networked together .  

I 

COS Mrdwre Architecture. 

I 

MDHC w n  NETWORK 

FILESERVER 
COS ENGINE I UCll ENGINE F, 

L I UMX WORKSTATION I r 4 
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MULTl - LEVEL OPTIMIZATION 

DESIGN - 8Y - RULE. EXPERT SYSTEMS - 

I CAPABILITIES DEVELOPMENT PLAN 

The adapta t ion  of powerful conceptual design synthes is  sof tware such as 
I NASA's HESCOMP h e l i c o p t e r  s i z i n g  and performance program t o  the  CDS 

execut ive system b r i n g s  an immediate p a y o f f  i n  p r o d u c t i v i t y ,  which i n  
t u r n  can fund f u r t h e r  development of t h e  system. As each new 
c a p a b i l i t y  i s  developed and proven, i t  i s  added o n - l i n e  t o  t h e  CDS 
r e p e r t o i r e .  The execut ive  system, data base management system, and user 
i n t e r f a c e s  have been developed f o r  t h e  conceptual design task.  They 
a r e  being expanded t o  incorpora te  t h e  a n a l y t i c a l  support  f o r  the  much 
more complex p r e l i m i n a r y  design task.  Th is  f i g u r e  shows the 
capabi 1 i t i e s  be ing added, by category,  w i t h  t h e  abc i  ssa represent ing  
both calendar t ime and design a p p l i c a t i o n  category.  C u r r e n t l y  t h e  
bas ic  system i s  i n  p lace  f o r  conceptual  design, and improved in-house 
modules a r e  being added which a l l o w  considerable choice i n  the  l e v e l  o f  
d e t a i l  t o  be used. The data base i s  be ing expanded t o  p rov ide  
s t r u c t u r a l  m a t e r i a l  data r e q u i r e d  f o r  p r e l i m i n a r y  design, and Design 
Synthesis I n t e r f a c e  Modules (DSIM) are  be ing  developed f o r  d r i v e t r a i n  
and s t r u c t u r a l  component des ign syn thes is .  A graphics exchange 
i n t e r f a c e  w i l l  l i n k  g raph ic  data f rom Unigraphics I 1  and a l l o w  such 
exerc ises as p u t t i n g  t h e  anthropometr ic  model o f  program MACMAN i n  the  
cockDi ts  be ing designed from the  r e s u l t s  o f  conceptual design trades. 

NASA SIZING AND 
PERFORWCE PGMS 

CONCEPTUAL DE SIGN PRELlMlNARY DESIGN DE TAIL DESIGN PRODUCTION 



MACMAN: ANTHROPOMETRIC MODELING FOR CREW STATION DESIGN 

Program MACMAN generates and manipulates a g raph ic  d e p i c t i o n  o f  a 
three-dimensional  human body composed o f  l i n k e d  e l l i p s o i d a l  components. 
The d e f a u l t  mode i s  dimensioned t o  f i t  t h e  50 th  p e r c e n t i l e  Army man i n  
o v e r a l l  s i z e ,  w i t h  body components o f  s tandard p r o p o r t i o n .  
A l t e r n a t i v e l y ,  s ze can be se lec ted  rep resen t ing  25th o r  5 t h  p e r c e n t i l e  
women, and 50 th  o r  95 th  p e r c e n t i l e  men, based on NASA c i v i l i a n  data.  
D i s p r o p o r t i o n a t e  f i g u r e s  can a l s o  be modeled. For example, a 50 th  
p e r c e n t i l e  t o r s o  can be combined w i t h  45 th  p e r c e n t i l e  l e g s  and 52nd 
p e r c e n t i l e  arms. The program was used suppor t i ng  conceptual  des ign f o r  
t h e  MDX l i g h t  h e l i c o p t e r  p r o j e c t ,  de te rm in ing  t h e  f o l l o w i n g :  

1. Seat p o s i t i o n :  h e i g h t  and l i m i t s  o f  f o r e  and a f t  adjustment.  
2. Rudder pedal  p o s i t i o n  and adjustments.  
3 .  Seat back pan s i z e  and o r i e n t a t i o n .  
4. Con t ro l  l o c a t i o n s  f o r  c y c l i c  and c o l l e c t i v e .  

The f i g u r e ' s  l imbs  a r e  animated. The e n t i r e  g r a p h i c a l  a n a l y s i s  i s  
i n t e r a c t i v e ,  w i t h  49 v a r i a b l e s  a t  t h e  menu command o f  t h e  opera to r .  

u ) x c I y w I w y Y (  I 

)(AcIIAII uorustrtlon Dlrplry, flda V l l u .  
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OF POOR QUALITY 

649 



STRUCTURAL COMPONENT DESIGN SYNTHESIS 

Despi te  t h e  f a c t  t h a t  t h e  technology o f  formal s t r u c t u r a l  o p t i m i z a t i o n  
has reached a s t a t e  of p r a c t i c a l  a p p l i c a b i l i t y ,  the m a j o r i t y  o f  
s t r u c t u r a l  component des ign tasks a r e  s t i l l  accomplished by t h e  

complex, the  des igner  can use handy s t r e s s  formulae so t h a t  h i s  f i r s t  
a t tempt  i s  reasonable and then r e f i n e d  a n a l y s i s  can be used t o  tune 
the  design. However, f o r  most composite laminates the  s t r u c t u r a l  
design task  becomes complex, s imply  because o f  t h e  increased number o f  
design op t ions  opened up by the  m a t e r i a l  and layup combinations. For 
such components t h e r e  a r e  a l s o  an increased number o f  f a i l u r e  modes t o  
consider.  A va luab le  s tep  forward can be a t t a i n e d  by p u t t i n g  user  
f r i e n d l y  a n a l y s i s  t o o l s  i n  the  des igners hands, and us ing  the  computer, 
w i t h  a smal l  knowledge base associated w i t h  des ign p r a c t i c e ,  t o  
i l l u m i n a t e  design op t ions  and r e s u l t s .  By p r o v i d i n g  i n f o r m a t i o n  on 
se lec ted  bounds i n  des ign space, t h e  des igner  can make opt imal  choices 
on a t r a d i t i o n a l  h e u r i s t i c  bas is .  The sof tware so developed forms a 
base f o r  f u t u r e  expansion i n t o  a p p l i c a t i o n s  o f  formal o p t i m i z a t i o n .  

A v a r i e t y  o f  s t r e s s  a n a l y s i s  so f tware  i s  be ing i n v e r t e d  t o  p r o v i d e  
s o l u t i o n s  t o  t h e  des ign problem i n s t e a d  of the  s t r e s s  a n a l y s i s  
problem. t h e  des ign problem s t r e s s  i s  an a l l o w a b l e  r a t h e r  than a 
r e s u l t . )  O f  course, when t h e  problem i s  non l inear ,  t h e  r e l e v a n t  
equat ions cannot be i n v e r t e d  d i r e c t l y ,  b u t  a programmed s e r i e s  o f  
forward runs can be used i n  mapping a v a i l a b l e  des ign space. 

I t r a d i t i o n a l  draw-then-analyse procedure. I f  the  component i s  n o t  t o o  

( I n  

COMPOSITE PANEL DESIGN TRADES 

SANDWICH PANEL 

BUCKLING, SHEAR, COMPRESSIVE FAILURE LIMITS PER: 

* FACING LAYUP, THICKNESS 

* CORE MATERIAL, THICKNESS 

* FACING HYBRID MATERIAL LAMINA 

STIFFENED PANEL 

BUCKLING, LOCAL CRIPPLING, JOINT FAILURE LIMITS PER: 

* PANEL LAYUP, THICKNESS 

* STIFFENER TYPE, SIZE, SPACING 

:k HYBRID MATERIAL LAMIXA 
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